Be ou Ste a ong tye 


A THESIS 


submitted in partial fulfillment of the 


requirements for the degree 


MASTSR OF SCIENCE 


Department of Chemistry 


KANSAS STATE COLLEGE 
OF AGRICULTURE AND APPLIED SCIENCE 


1949 


ἔς ἐν σε oo ae 


TET: 


Ls Ae eae TABLE OF CONTHNTS 
INTRODUCTION . 6 es 4 .ὖν εὐὴ ἜΦΑΝ 
PXPURIMENTAL 5 « 6 ee 6 ® eee e sue 
EXPERIMENTAL PROCEDURE ὁ 4 ene se + +> 
Preperation of Supplement® «+... 
Saponification Method ὁ «+ + 
Todine tuber Determination s 6... 
Speetrophotonetric Analysis . 
RISULTS Coenen νύ: 
DISCUSSION 6g os et bs Owe 8 
BSUNMARXY «cece esveveeeeteveev αὶ ὁ 
AOKNOWLRNGUENT oss se ee δ bees 
a rr Same 


SSRSTRE Soa ee 


It has been established that animals need "essential" fatty 
acids for normal growth, Burr and Burr (8, 9) showed that if 
young animals were subjected to ἃ complete fat starvation over a 
period of several months, they developed dermatosis, and soon 
died, These authors reported that the presence of highly une 
saturated fatty acids, such as linoleic and linolenic acids, in 
the diet was essential for the normal growth of vate. Later in 
1938, Turpeinen (31), and Bunn and Smedley-MacLean (17) stated 
that arachidonic acid was also an essential fatty acid. 

By the use of deuterium as an indicator, Schoenheimer and 
Rittenberg (26) found that deuterostearic acid was dehydrogonate 
ed by rate to oleic acid, and Stetton and Schoonheimer (50) show- 
ed that the animale can desaturate palmitic acid to palmitoleic 
acid, The desaturation cannot go further than oleic acid, since 
the linoleic acid isolated from these rate contained no signifi-~ 
gant quantity of deuterium, 

The relative power of the essential fatty acids in the cur} 
ing of the fatedeficient disease has been studied by various 
workers, Burr (7) stated generally that both linoleic and 
iinolenic acids were very effective curative agents. Moearmhile 
linoleic acid was reported to be G times more potent than 
linolenic acid by Mumo et al, (15), and arachidonic acid to be 
at least approximately 3 times as effective as linoleic acid by 
Turpeinen (31), On the other hend, Quackenbush, Kumserow and 


Steenbock (19) claimed that Minolenic acid was nonfunctional 
in reproduction, 

In fat metabolism, some of the vitamin 5 complexes have been 
shown to be functional. Among thom pyridoxine (or vitamin Bg) 
and pantothenic acid seem to have special importance. Biroh (5) 
found that, in the absence of an adequate supply of pyridoxine, 
the animals were unable to make proper use of the unsaturated 
fatty acids, or alternately, in the absence of adequate supply 
of unsaturated fatty acids, the animals wore unable to utilize 
ite pyridoxine. The same conclusion was drawn by Salmon (26) 
who stated that, although the pyridoxine and the essential fatty 
acids can to a certain extent mtually alleviate the deficiency 
of each other, the presence of both in the diet was necessary 
for normal nutrition of rate. 

In 1940, Olesen and Black (18) found that the chick antider+ 
matitis factor (pantothenic acid) was required by the rat. Re« 
cently, Lipmann (14) suggested that a pantothenic acid-containing 
engsyme participates generally in protein and fat synthesis and 
other processes requiring the activation of a carboxyl group as 
a preliminary to condensation, 

Some work has been dono to differentiate the effect of the 
essential fatty acids and the Bevitamins in the curing of 
dermatitis of rate, Schneider et al. (27) suggested that 
pyridoxine and the essential fatty acids wore interchangeable, 
However, Quackenbush et al, (22) have shown the above suggestion 
to be invalid, and indicated that both pyridoxine and pantothenic 


acta were necessary to render the proper utilisation of the 
essential fatty acids. However, they wore unable to determine 
how these factors wore involved in fat~metabolism, 

The rate at which raneldity developed was found to be dee 
pendent on the presence of highly unsaturated fatty acids in the 
depot fate of the carcasses of turkeys and chickens, which were 
held in cold storage for an extended period of tim (12), This 
4s in agreement with the results obtained by Barnos, Lundberg, 
Haneon and Burr (2), who studied the natural etebliste of body 
fat from rate by changing the dietary supplements, Furthermore, 
Anderson and Mendel (1) have shom that the properties of the 
depot fats of animals wore dependent upon the nature of the 
dietary fate. It is the purpose of the present research to 
find out the correlation between the dietary fate and the depot 
fate of the animals, 

In the present study, the motaboliam of the esters of oleic, 
linoleic, linolenic, arachidonic and the saturated fatty acids 
fron cottonseed οἷ was studied. ‘These esters were also fed 
to rats which had received additional supplements of pyridoxine 
and pantothenic acid, Tho composition of the carcass and liver 
fat of the rats, which had received the different dicta, were 
atudied by means of the spectrophotometric method of analysises 


Rate of the Sprague-Dawley strain between 50 to 60 g in 
weight and thave weeks of age wore transferred to individual — 
wive cages and given water and Diet V ag Jibitug. Diet Vv 
(Table 1) of Quackenbush, Plats and Steenbok (20), which fs 
free of pyridoxine, pantothenic acid and fat, wan prepared as 
follows: 1,06 g of cystine, 866.7 αὶ of glycine, 45.5 ¢ of 
inositel, 91.0 αὶ of choline chloride, 4550 ng of niacin, 200 ng 
of thiamin, 400 ng of riboflavin, 156.5 ng of paraminobenszote 
acid, 36,4 ag of folie acid, and 475 a2 of biotin were dinsolved 
in 8/50 δοοῦλο acid, mixed with 18 pounds of eanein, dried and 
then mixed with 70 pounds of cereloso ἀπ 4 pounds of Yeason 
eats in ἃ standard feed mixer, The animale were supplemented 
onee cach week with one drop of fish liver of] containing 260 
IU of vitamin A and 100 IU of vitumin Ὁ per drops 

After ἔων weet; the νεῶν weed ἀὐνδῶνδ Subs 22 Grows οὖ 
4 to ὃ ouch and fed with the aid of a calSbrated medicine 
avopper the supplements listed im Table 5, ‘The ethyl] caters of 
arachidonic, linolenic, and Mnoleic acid wore prepared by the 
debromination (πολλοῦ, 25), Methyl oleate was made according 
to the method of Brown and Ghinowara (6), and the οὔ} osters 
of saturated acids were prepaved by direct esterification of the 
saturated fatty acide fron cottonseed of] with ethyl aleshol. 
The resulting esters were distiiijed wiler high vacuum, and kept 
under an atmosphere of nitrogen at «13 degrees centigrade. 


Water soluble supplements were prepared by dissolving them in 
waters After five weeks of supplementation, the animale were 
killed and saponified with Potassium hydroxide as described by 
Quackenbush and Steenboek (21), The composition of the mixed 
fatcy acids wan determined apectrophotometrically according to 
Brice et al, (5), and the fodine mubers were determined accorde 
ing to the method of Yasuda (32), All methode were outlined 
_ ‘The percentages of individual fatty acids, calolated from 
spectrophotonetric analysis, were converted to mg of fatty acid 
por 100 g of tissue, Both of those values were used; the forma 
used for the conversion was: 

ng /100 g —— (% fatty actas)(™)(1000) /(2109), 
where M equals to mean weight of extracted fatty acid, 


BAPERIMENTAL PROCEDURES 
Preparation of Supplements (25, 6) 


Rrevaration of Ethyl Linoleate. Three hundred grans of 
potassium hydroxide were placed in a five-liter round-bottom 
flask, into which 1200 ml of ethyl alcohol and 100 ml of water 
were added, After the mixture was heated to near boiling on a 
etean bath,.1000 grams of fresh cottonseed o11 were added, With 
ἃ reflux condenser attached, the mixture was allowed to reflux for 
$0 mimtes, The hydrolysate was cooled to about 40 degrees conti~ 


grade in a stream of tap water and 1500 ml of cold distilled 
water were added, With contimued cooling and agitation, 550 m2 
of cold concentrated hydrochloric acid were added in small 
portions. The cold mixture waa then transferred to a largo 
separatory funnel and shaken vigorously to insure complete de~ 
composition of the soaps, ‘the fatty acids were washed twice 
with about one liter of distilled water, care being taken to 
avoid ermlsification, One liter of redistilled petroleum ether 
was added and the fatty acids wore washed again, After the water 
had been drawn off the fatty acids were placed in αὶ five~liter 
round«bottem flask to which about 50 g of anhydrous sodiun 
e@ulphate was added, One liter of redistiilled petroleum ether was 
then added and the solution was allowed to stand overnight at 
“Ὁ degrees centigrade, ‘The saturated acids and the sodiun 
sulphate wore filtered off and one liter of redistilled petroleum 
ethor was added to the filtrate which was then ready for bronina- 
tion. | 

The fiveeliter flask containing the solution of fatty acids 
was clamped firmly into an ice-salt bath, the flask being at 
least three inches above the bottom of the bath to provide proper 
eooling. A mechanical stirrer with sufficient speed and power to 
produce good mixing was adjusted to about one-half inch from the 
vottem of the flask. Bromine was added from 6 separatory funnel 
at such a rate that the temporature of the reaction mixture at 
no time exceeded 10 degrees centigrade, About 580 αὶ of bromine 
were required for complete saturation, as indicated by the 


persistence of a bromine ooler, The flask was corked tightly and 
allowed to stand overnight ab «5 degrees centigrade. ‘The 
erystalline crude totrabrouostearie acid was collected on ἃ 
Buchner funnel, washed with redistilled petroleus ether and 
transferred to a dry fiveeliter round-bottom flissk, Vive liters 
of redistilled petrolows ether and 1,5 liters of ether, or more 
if neconsary to effect complete solution, were added and the 
tetrabromestearic acid was brought into solution by refluxing on 
& steam bath, With the addition ef 20 g of Mor’t the solution 
continued to reflux for a few minutes more, and then the hot 
solution was filtered through a warm Buchner fumel., Oversized 
filter paper was used in the fumnel and was kept firmly in place 
by a water bath ring whieh fitted smugly in the funnel, the 
filtrate was allowed to stand overnight at -5 degrees centigrade, 
The product was filtered on a Duchner funnel and washed with ree 
distilled petroleum ether. ‘The white crystals were dried at 
room temperature and thelr melting point was determined, If the 
melting polnt was low, the product was recrystallized from 
petroleun ether again before proceeding, 

two hundred g of tetrabromstearica acid and 200 καὶ of gramilar 
wine were mixed together and placed in a dry, one liter round 
bottom flask. A condenser was attached and 200 ml of absolute 
ethyl alcohol were added and the acid dissolved by warming care- 
fully on a steam bath, Thirty ml of S«normal solution of dry 
hydrochloric acid in absolute aleohol were omutiously added, and 
the flask was carefully rotated to start the reaction, Cooling 


tn a atrean of tap vater wus negnssaiy to control the Anttial τὸς 
action, after which tho mixture wae shaken vigorously and allowed 
to stand until the esters had separated completely, The aqueous 
thase was then drawn off and Giseaiied and the esters vashed with 
an equal volume of distilled water, care being token to avoid 
omisifieation, After being ἀνλοὰ with anhydrous sediun sulphate, 
the esters were distilled under ‘yaouwn. ‘The distillate was seale 
ea in 20 ml bulbs under high vacuum, 

Ereparation of Bthy2 Linolenate. Linseed ofl was used for 
the raw material, ‘he same dixeetions deseribed ebove were 
followed except that the fatty acids obtained were brominated in 
ether instead of petrolews other, and that the reorystallization 
medium for the hexabronostearts acta was benzene instead of 
petrolewn ether, 

Preparation of Bthyl Arachidonate, Beef adrenal phosphatide 
was used as raw material, ‘The same directions for the preparation 
of ethyl] linoleate were employed with a few modifications, 
Acetone was used to dissolve the fatty acids, and the solution 
was oooled to «70 degrees centigrade with dry ice and acetone, 
The precipitated fatty acids were separated by filtration 
through ἃ Buchner funnel, ‘The filtrate was esterified with ethyl 
floohol, and the ester was extracted with ethyl ether, The ether 
solution was brominated at sero degree centigrade, The pre« 
cipitate obtained wae filtered, washed with cold ether, and des 
brominated with sine as described above, 


Preparation of Hethy) Qleates One kilogram of olive of] was 
eaponified and the soaps converted into fatty acids as nentioned 
above, ‘Two hundred and twenty five g of the fatty acids were 
Gissolved in 3450 ml of acetone in a foureliter flask and allowe 
od to stand in the cold voom overnight. The precipitate was ro« 
moved by suction-fiitration on a large Buchner funnel, The 
filtrate waa cooled to «60 degrees centigrade and filtered, 
After filtering, the precipitate was allowed to melt and was 
made up to 8000 ml with acetone, and again brought to «60 80» 
grees contigrade and filtered. After two more crystaliizations 
at this temperature, the final precipitate was melted, mde up 
to 1250 ec with acetone, and cooled slowly with stirring to the 
point of first appearance of crystals, which was about «35 ὅθ. 
grees contigrade, These crystals consiated of oleic acid and 
any saturated acids which might have escaped the first erystale 
lization, ‘they were filtered off in the oold room, and the 
acotone was removed under reduced presoure, The residual product 
was esterified with methyl alcohol in the presence of about 2 
percent of concentrated sulphuric acid, and the unesterified 
acide wore removed by washing with dilute potassium carbonate 
solution, The methyl oleate obtained was distilled over under 
reduced pressures 

Rreparation of Ethyl Reters of Saturated Fatty Acids. In 
the preparation of linoleic acid from cottonseed of], saturated 
acids wore filtered of f from petrolew: ether solution at «5 de« 
grees centigrade, ‘Thies mixture of saturated fatty acide was 


esterified with ethyl alcohol with about 2 percent of concentrate 
ed sulyturtec acid as a catalyst, ‘The unesterified acids wore 0. 
moved by washing with dilute potassium carbonate solution, The 
resulting esters showed an iodine muiber of 7.54 on analysis, 
Spectrophotometric analysis showed that they were composed of 
8.16 percent of ethyl oleate and 91.04 percent of saturated 
acids esters. 


Saponification wethed (21) 


Animals were weighed and those of the same group were 
combined. They were killed with ethyl ether, Carcass and liver 
tissues wore separated and analyzed. 

The carcasses or livers were weighed and allowed to digest 
with 100 ml of 30 pereent KOM solution per 100 αὶ of tissue on | 
a steam bath for two hours, About 100 nl of 95 percent ethyl 
alcohol were added to the hydrolysate which had been freed of 
the bones, The mixture was allowed to reflux for about two hours 
until 421 the fatty materiale were completely saponified, | 

Redistilled Skellysolve * was employed to take off the non- 
eaponifiable materials from the mixture by extration, ‘The 
aqueous layer was acidified with concentrated hydrochloric acid 
and the liberated fatty acids were extracted with rediatilled 
Skellysolve ?, Exeess hydrochloric acid in the extract was washe 
ed out with water, and the extract was dried over anhydrous 
sodium sulphate, After the drying agent had been separated by 


filtration, the solvent was removed by distillation under reduced 
pressure. ‘The fatty acide obtained were weighed and the per 
centages of fatty acids in carcass or liver of the animale was 
caleulated from the following formia: 


Iodine Number Determination (52) 


Approximately 0,1 g of fatty acids was weighed accurately 
into a glase stoppered todine flask, With a volunetric pipette, 
exactly 15 ml of Wije solution were added, ‘The flask was 
etoppered and placed in the dark for exactly one hour, Then 
10 ml of potassius fedide solution were added, the mixture 
shaken vigorously and the stopper and sides of the flask washed 
with 10 ml of distilled water, The mixture wae titrated with 
0.1 5 thiosulphate solution, to faint yellow ani then to colore 
lees after the addition of a few drops of starch indicator, 
wo dDlank determinations were run in the same manner along with 
UNLNOWNS » 

The solutions used above were prepared as follows: 

Wijs Solution. Thirteen grame of powdered resublined iodine 
were dissolved in 1000 ml of pure glacial acetic acid which was 
warmed to facilitate the solution of the fodine, After being 
eooled to room temperature, 10 ml of the iodine solution was 
taken out, mixed with 50 ml of water, and titrated with the 
standard thiosulphate solution with etarch solution as an 3η88» 


φαῖον. About 50 mi of the Jodine solution was put aside, and 
ary chlorine gas was passed inte the ramainder witil the color of 
the solution aia not appear to change, Ten ml of this solution 
wag mixed with 10 m1 of the potasedum fodide solution and 50 nl 
of water, and titrated as before with the standard thiosulphate 
solution, Sufficient chlorine should be added te double the 
titration of the original fodine solution, but little chlorine 
in exeess of this requirement could be present, The titration 
of 10 cc portions of the solution after each further addition of 
chlorine was continued until the halegen content of tho 
golution was doubled, Then the reserved 30 ml portion of the 
fodine solution was added and mixed thoroughly. The solution 
was kept in glass-stoppered bottle and stored in the dark, 

Rotassiuy Jodide solution. Fifteen grans of potasstun 
fodide were dissolved in 85 ml of distilled water, 

Thiesuishate Solution, ‘Twenty-four and 6 tenths g of 
- godtun thiesulphate wore dissolved in one 1400 of water, The 
exact normality was determined by standardisation against — 
standard potassium dichromate solution as follows: 10 ml of 
0.3 καὶ potassium dichromate solution was measured out accurately, 
and δ wil of concentrated hydrochloric acid was added, After bee 
ing mixed with 10 πᾶ of 15 porcont potassium todide solution, —_ 
it vas titrated with 0,1 5 thiooulghate solution, The starch 
solution was added when the solution turned greenish, ‘The flask 
was well shaken during titration, as the ond point was reached 
suddenly, The titration was continued until the solution showed 


ἃ clear, bright green, or until one drop of 021 1! thiosulphate 
would not alter the color, 
The formas used in the ealeulation of iodine mmbers 
Were: aS 
Normality factor equals to (12649 x 041) /ec of 
thiosulfate. | 
Iodine number equals to (Normality factor x D)/ 
sample Μῦς» where Ὁ is the difference betwoon the 
volunes in e¢ of the thiesulyhate solutions used in 
the titrations of the sample and the blank, 


Spectrophotometric Analyeis (5) 


About 061 g of fatty acids was weighed accurately into a 
emall weighing vessel which was then placed each in a marked 
ignition tube, ‘wo blanke were run with the samples at the sane 
time, To cach tube, 4 ml of ethylene glycol which contained 
7.5 percent KOH was added, and nitrogen was contimucusly blown 
in for the displacement of air over the sample, ‘The tube was 
placed ‘in wire basket, and heated in ofl<bath at 180 degrees 
contigrade (within two degrees centigrade fluctuation) for half 
an hour. ἢ 
| After the heating, the tube was removed from the basket, 
and the ΟἿΣ wiped off, ‘The content of each tube was transferred 
quantitatively to a 100 ml volumetric flask, and diluted to the 
mark with absolute ethyl alcohol, some of which was used in 


washing the ignition tube and the funnel during the transfer, 
fhe volumetric flask was shaken well to insure a good mixing, 
and allowed to stand for 5 te 6 hours or overnight in a cold 
room to allow the silica from glass to precipitate. Then the 
samples were brought to room temperature, and the silica pre- 
Gipitate was filtered off, the first 15 te 20 ce of filtrate, 
which saturated the filter paper and washed out the contaminate 
ing substances present on the filter paper, wae discarded. After 
the reat of the sample had been filtered, 10 ec of the filtrate 
was carefully pipetted into ἃ 850 ml volumetric flask, ‘the 
pipette was washed with absolute ethyl aleshol between each 
sample and rinsed with each sample before use, Absolute ethyl 
@iochol was used to dilute the sample to volume, The sample, 
after having been shaken well, was read on Beckman Spectropho-~ 
tometer, and readings of logarithm /I or extinetion were τὸ» 
corded at the waveelengths of 2580, 2540, 2620, 2680, 2740, 35100, 
$160 and 3220 A, If the sample was too concentrated to read at 
the above wave-lengths, suitable dilutions were mde, and blanks 
were diluted in the same way, As correction-factors in the 
ealoulation, the unisomerised sample in the concentration of 
0.1 g in 100 ml of absolute ethyl alcohol was read on Becloun 
spectrophotometer at the stated wave=lengthe, 

The caloulation was carried out with the following formas: 

Κρ — (Kogao ἃ 10) /(4 x sample σῦν) + 0,07 
Kg — (208 x 10)(Kegan = HMEggag+ Kqygg)) 26 = sample wte) 


Bg = (865 & WOR ga gg " δἰ ΕΚ, 54 ἕωροοὐ) 7.6 = sample wee) 
KE = ΚΣ... 5 20) ΛΔ πὶ sample wt.) + 0.04 
εὔνειγο.. τὐμρν Meme 
Ky — (265 x 10)(KE, 4, = S500" *aa0?” /\4 x sample νυ.) 
Jy ite τὰν" és 
es 
Ἐλ"- πὶ - Κι 
ὁ hens with = 2.386 αὶ HY 5 ΣΩΔΘΥ x YY + 0.08 2 HIP 
% Linolenic acid- 1.87 x Καὶ - 4445 π ἘΠ 
% Avaghidonic acid - 4445 x Kj! 
% Olete acta = (sedban wanes 2.00 4. B «01/00 
where A= 181,5 (% Linoleic acid), 
B = 873.5 (% Linolenic acid), - 
Ο = 855,5 (% Arachidonic acid). : 
All E values were calculated from the readings on unisomerise 
ed samples, while K* values were obteined from those on isomerised 
samples. | 
The concentration of the sample solution was ascumed in the 
above formulas to be as follows: sample was dissolved in ethyl 
alcohol, the solution was diluted to 100 ml, and 10 ml of this 
solution was diluted to 260 ml with ethyl @icohol, If samples 
mast be diluted further in order to got readings on the Deckman 
spectrophotometer, the formas should be notified according, 
Por example, if a 5 ml aliquot were taken from the 250 mi 
volumetric flask and diluted to 25 mi, then the sample weight 
mast be miltiplied by 8 instead of 4, and the sample reading 


mltiplied by 100 in place of 10. | 
KL = (Κ᾿... = 200) ΛΒ x sample wte) + 9,0, 

In the calculation, any K or K! value which cane to 6 aims — 

value wan considered as sere, 


Tho presence of pyridoxine and calcium pantothenate, rather 
than the nature of the different fatty acids, seemed to heve the 
moet influence on the normal growth of the animale, ‘The animals, 
which received pyridoxine and ealofua pantothenate in the diet 
wore found to grow normally with a rapid inerease in body 
woight (about 70 g in 5 weeks), while those without pyridoxine 
and caletun pantothenate did not show any appreciable increase 
in body weight. 

Prom the data obtained (Table 3), Δὺ was shown that, in 
Ἢ gonoral, tho percentage of the mixed fatty acids was betwen 9 
ana 10 percent when pyridoxine and calcium pantothenate wore 
fed, and betwoen 2 and 3 when the dict was not supplemented 
with pyridoxine and calciun pantothenate, One group of rate . 
was fed with a diet free of any fatty materia) and was not 
supplemented with pyridoxine and calcium pantothenate, The 
analyses indfeated the deposition of 1494 pexcen’ of the mixed 
fatty acids in the carcass tiasues, 

es Satine walece of tho νμπρὰ ἔμ sitte tren tne ον 
tisaues were influenced by the presence or absence of pyridaxine 


and ealotum pantothenate in the diet, In the absence of the 
latter, the fodine values varied from 89 to 96, and these values 
decreased to about 66 when pyridoxine and caletum pantothenate 
were fod to the animals as supplements, 

The composition of the mised fatty acids was detersined by 
means of a Begionan speotroshotometer, ‘The amounte of arachidonic 
ami linoleic acids in 100 αὶ of oarenass tissues were found to ree« 
main constant and were independent of the dietary supplemente of 
pyridoxine and caleiua pantothenate (Zable 4). on the other 
hand, the amounts ef olefe acid were increased from 473565580 
“mg, and the amounts of saturated fatty acids from 232465795 ng 
per 100 ¢ of tissue. I4nolenic acid was absent in both cases, 

Although the nature of the deposited fatty acide in the 
earcase tissues was influenced by the presence of pyridoxine © 
and ealeiun pantothenate in the diet, the composition of the 
fatty acide in the liver remained unaffected. The liver tissues 
contained fron 0,77 to 1.66 percent of mixed fatty acids, which 
consisted of 51 to 59 percent of saturated and olete acids, 11 
to 18 percont of Mnoleic acid, 26 to 365 poreent of arachidonic 
acid, and no linolenic acid, This composition remained constant 
a8 long a6 the animale received one of the essential fatty acide 
in the Gilet, and was not affected by pyridoxine and caletun 
pantothenate, However, when the animals received only the 
baste diet, or were supplemented with methyl oleate or the 
ethyl esters of the saturated acids, the percentage of saturated 
fatty acide and oleic acid wae found to be between 75 and 88 


percent, and percentages of 1Δπολολο and arachidonic acids were 
᾿ ἀρογϑασοά fron 14.72 to 9,27 pereont, and from $1412 to 15.06 
percent, respectively, 

Ὥροῳ greys ot tan Ὁ Gite Uonadenate wove 00d 
to test whether pyridoxine or ¢aledum pantothenate was nore 
effective (Tate 6), Pyridoxine alone increased tho mean body — 
woight of the animals by 24.5 g, While a corbination of pyridex- 
ine and ¢aletun pantothenate gave an inerease of 75.7 g. In the 
carcass tissues of these animals, the percentage of mixed fatty 
acide was inoreased from 2.66 to 6.55 percent with pyridoxine 
alone, or to 11.01 percent when both pyridoxine and calcium — 
pantothenate were present in the diet, ‘The fodine values of 
the mized fatty acids were aleo affected, The animals not τὸν» 
@eiving pyridoxine or calcium pantothenate gave an iodine value 
of 95,9 for the mixed fatty acids, those getting pyridoxine 
alone yielded fatty acids with an fodine value of 75.6, and those 
receiving both pyridoxine end ealedum pantothenate had the lowest 
Value oF 7540+ 

The compositions of the mixed fatty acids of the experiments 
8. animals were aleo compared with each other on a weight basis 
(fable 7), The data indicated that dietary supplementation witha 
pyridoxine raised the anount of saturated acids from 558 mg to 
1622 mg, and that of oleic acid fram 8070 mg to 4820 mes | 
Supplementation with pyridoxine plus calelum pantothenate doubled 
the weight of saturated and oleic acids in the mixed fatty acids 
of the carcass tissues. However, the amount of linoleic and 


arachidonte acids vere not changed to any appreciable value. 
Liver tissues contained more arachidonic and linoleic acids 

and less oleic and saturated acids than the carcass tissues, 

influenced the composition of the mixed fatty acids in the 

. garcass tissues, the above general statement 30 503}1 truc. 


Table 1, Diet Ve 


Corelose 78 lbs. 
Casein 18 ids, 
Wesson salts 138.88 ἃ 
Giyoine 366.78 δ 
Inositel 45.5 αὶ 
Choline chloride 91.0 δ 
Wiacin 4550.0 mg 
Thiamin 200,0 mg 
Riboflavin 400.0 mg 
ic acid 136.5 mg 

Polic acid 36.4 mg 
19,0 co 


β 


Table 2, Supplements to diet V, 


supplements 1 Todine no, ¢ Amount por day 


Bthyl esters of saturated acids 7954 505 mg 
Methyl oleate 8841 54.2 mg 
Bthyi linoleate 170.0 78,7 mg 
Ethyl linolenate 231.0 83.5 mg 
Ethyl arachidonate 265.5 52,6 mg 
Pyridoxine -- . 25 gamma 
Pantothenic acid (calcium salt) ote 50 gamma 
Amount por wool 
Vitemin A 260 iv 


Vitamin D 100 iv 
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EXPLANATION OF PLATE I 


Effect of dietary supplements on the growth of rats, 

A, Left to right: Ethyl linolenate, pyridoxine and caleiun 
pantothenate; ethyl linolenate and 
pyridoxine; ethyl linolenate alone. 

B. Left to right: Bthyl linoleate, pyridoxine and calcium 
pantothenate; ethyl linoleate alone. 

ὃν Left to right: Methyl oleate alone; methyl] oleate, 
pyridoxine and ¢aleium pantothenate. 

D. Left to right: Control group; ethyl esters of the 
saturated fatty acids of cottonseed 
o41, pyridoxine and calcium pantothenate, 


ory 
ἑ 


by Birch (3) to be necessary for the cure of the acrodynia~like 
Gormatitis of rats, In the present experiment, although the 
animale which had been fed with ethyl linolenate without 
pyridoxine and calcium pantothenate stayed alive, they showed 
some acrodynia symptoms and did not gain in weight, The addie 
tion of pyridoxine promoted growth, ‘The amount of mixed fatty 
acids in the carcass tissues was inereased while their iodine 
values decreased. Both pyridoxine and unsaturated fatty acids 
are therefore nocessary for the motaboliem of fat in the 
animal. 

If the dietary supplement contained pantothenic acid in 
addition to pyridoxine and ethyl linolenate, the animals exe 
nibited a further inerease in body weight, more mixed fatty 
acids wore found to be deposited in the carease tissue, while 
their iodine values were further lowered. Novelli and Lipmann 
(16) observed that pantothenic acid in the form of coonsyme A 
was concerned with the primary attack on acetate, presumably 
the condensation with oxalacetate in the Krebs cyclo, Thus it 
might be said that both pyridoxine and pantothenic acid are 
functioning in the metaboliem of unsaturated fatty acids and 
should be present in the diets of the animals for normal growth, 

When the animals which received pyridoxine and pantothenic 
acid in the diet were compared to those which did not receive 
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these supplements, the former were found to contain more saturate 
ed and oleic acide in the carcass tissues, while the anounts of 
linoleic and arachidonic acids were not appreciably changed, The 
inerease in the amount of saturated fatty acids deposited was, 
however, mich greater than that of olele acid, and thus the 
fodine values of the mixed fatty acids were lowered and the ρὸν» 
centage of unsaturation seemed to be decreased. 

The composition of the mixed fatty acids in the liver tissues 
remained the same as long as the animale received one of the 
essential fatty acids in theiy diets, ‘The composition was not 
influenced by the presence or absonee of pyridexine and pantoe 
theniec acid in the diet, 

Acoording to Bloor (4), the fat of the liver represents 
mostly food or depot fat temporarily stored there on the way to 
be used in metabolism, Such loosely stored fat might be expected 
to be readily moved either in or out of the liver under varying 
conditions, This ease of mobilisation of fate might explain the 
constant composition of fatty acide in the liver of rate, ‘The 
liver was found to contain about 1430 percent of mixed fatty 
acids, The latter contained approximately 50 percent of saturated 
and oleic acids, 15 percent of linoleic acid and 30 percent of 
arachidonic acid, 

The interconversion of fatty acids in vivo were studied by 
Stetton and Schoenheimr (30) by feeding the rate with the fatty 
acids labeled with deuterium, These authors cam to the con} 
clusion that the rat can and does contimously convert palmitic 


acid into several other fatty acids in ite body tissues in ἔθ᾽ 
following manner: Ba +e 
Stearie —— + === Shorter chain acids 
I } | 
Oleic Palnitoleic 
Rowever, they showed that linolefe or other highly unsaturated — 
fatty acids could not be formsed from palmitic or oleic acid. In 
the present experiment, it seems that linolete and arachidonic 
acids were intereonvertible., More linoleic acid was found in 
the vate which received avrachidenie acid and vice versa, Similar 
observations have been reported by Nunn and Smedleye-liaciean (17), 
Bllie and Isbell (11), Beketein (10), Spadolia and Wllie (29) and 
Rieckehoff, Holman, and Burr (24). 

Randolph (23) suggested that linolenic acid on entering 
the animal body was immediately converted into linoleic and 
arachidonic acids, This author also indicated that linolenic 
acid was present only in animals which died during the assay _ 
period, In agreement with these results, both the carcass and 
liver tissues of the animals in the present experiment did not 
contain linolenic acid, Thus linolenic acid likely would be 
converted into arachidonic and Linoleic acids, but no evidence 
was found for the conversion of the latter into linolenic acid, 

In the liver tissues of rate which did not receive any 
fatty material or those fed with methyl oleate or the ethyl 
esters of saturated fatty acids, some arachidonic and linoleic 
acids wore deposited, though mich less than the amounts in the 


animale whidh received the essential fatty acid, This seemed 
to be in disagreement with the observations of Munn and Smedley- 
MagLean (17), who reported that wiless Ainoleie or linolents 
acid 45 given, the rat is unable to synthesize the Cog or Con 
acid containing four or more double bonds, ‘The presence of small 
amounte of arachidonic and linoleic acids might be explained by 
the fact that the animals deposited certain amounts of those 
fatty acids in their tiesues during the firat three weeks of 
their growth on the normal diets, or that the animals possessed 
these fatty acids at birth, Recently, Rieckehoff, Holman, and 
Burr (24) indfeated that the tissue fatty acide of the rat ro- 
tain considerable amounts of polyunsaturated fatty acids on a 
fat free diet. 

Comparison of the amount of ingested fate to the amount of 
fet deposited in the tissues clearly showe that they are far in 
excess of the amount of fat consumed, Thie ie specially true 
when pyridoxine and pantothenic acid were present in the dict, 
These excess amounts of fate mast be synthesized from other 
sources such as protein or carbohydrates, Longenecker (15) 
demonstrated that carbohydrate or protein produced a body fat 
in the rat, possessing an fodine value of 60 to 65 with the 
major component fatty acids being oleic, palmitic, and hexzae | 
Gecenoic acids, This generalisation might be applied here, since 
the fatty acids deposited in the carcass tissues did contain 
more saturated and oleic acide, It appeared therefore that 
pyridoxine and pantothenic acid, besides their effect in the 


motabolien of unsaturated fatty acids, also were functional 13 
the conversion of carbohydrates and proteins into fats. 3 


Rate on fat deficient diets were supplemented with esters of 
the essential or nonessential fatty acids with and without 
pyridoxine and pantothenic acid, ‘The results showed that in the 
absence of pyridoxine and pantothenic acid, less arachidonic 
and linoleic acids were found in the liver tissues in animals 
supplemented with nonessential fatty acids, Ali the animals 
survived throughout the experimental period of 5 weeks, but 
they did not show any appreciable increase in body weight, 

When the animals were supplemented with pyridoxine and 
pantothenic seid in addition to the ester of the fatty acide, 
they grew normally and increased rapidly in weight. Thus 
pyridoxine and pantothenic acid were confirmed to be effective 
in the metabolism of the unsaturated fatty acids, 

The fatty acid composition of the liver tissues were 
analyzed and found to remain constant, and independent of the 
influence of pyridoxine and pantothenic acid in the diet, In 
general, it was shown that the liver tissues contained larger 
percentages of arachidonic and linoleic acids than the carcass 
tissues. 

Both the carcass and liver tissues wore found free of 
linolenic acid. From this 1t was postulated that the rats did 


not deposit any Linolenie acid in their tissues, It was further 
postulated that the linolenie acid fed was converted into 
arachidonic, linoleic, and other fatty acids, 

Pyridoxine and pantothenie acid were shown to play a role 
in the synthesis of fate from carbohydrates and protein besides 
functioning in the metabolign of unsaturated fatty acids, 
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